Abstract: Eggplant is a popular vegetable consumed all over the world. Cover cropping is an efficient way of recycling nutrients and reducing inorganic fertilizer requirements to maintain the sustainability of the soil without affecting productivity and profitability. Eggplants (Solanum melongena) (Japanese varieties Hansel and Kamo) were grown in a Piedmont soil with two main treatments, cover crop (CC) and no cover crop (NC), and four sub-fertilizer treatments (T1: 0-0-0, T2: 56-28-112, T3: 84-56-168, and T4: 168-112-224 N-P-K kg/ha), using four replications. The Hansel variety eggplant yield was significantly higher than the Kamo variety. Eggplant yields from CC treatments for both varieties were significantly higher (p < 0.001) than the yields from NC treatments. No significant difference was observed in the yields between T1 and T2 treatments, but the yields from T3 were significantly higher than T1 and T2 and yields from T4 were significantly higher than T3 yields. N released through mineralization of cover crop mixture ranged from 13.33 g/kg at the beginning of the growing season and increased to 18.32 g/kg at the end of the growing season. These results suggest that Japanese eggplants can be successfully grown in the Piedmont area of North Carolina in rotation with cover crops for higher yields.
Introduction
Sustainable production practices are not common in North Carolina's vegetable production. Vegetable crops are grown using conventional cultural practices and large amounts of fertilizer. These practices contribute to soil erosion and pollution of the surface and groundwater systems. Also, there is little or no information available on the production and potential yield of Asian vegetables on North Carolinian soils. Asian vegetable production can provide a dependable source of income for North Carolina's farmers. The tobacco industry in North Carolina is on the decline due to the elimination of tobacco quotas, the decrease in tobacco exports, and the increase in excise taxes on cigarette purchases. Traditional tobacco growing farmers are facing financial instability due to the decline of tobacco industry [1] . Many specialty crops are receiving greater attention as alternatives to tobacco. Growers are becoming successful with crops such as melons, hot peppers, sweet corn, medicinal herbs, and cut flowers, etc. At the same time, there is an increasing demand for Asian vegetables in the state due to an increase in the Asian population and Asian grocery stores. Currently, Asian vegetables that are sold in North Carolinian grocery stores are grown and shipped from Florida. Per capita consumption of eggplants in the US reached 0.9 lbs. between 2005 and 2010, and the increase in demand was met by both domestic production and import of eggplants [2] . Foreign Agricultural Service (FAS) of USDA estimates the export of eggplants from the US at $11.3 million for a total of 10,125 tons [3] . In the year 2010, the US imported 63,180 tons of eggplants, amounting to $64.4 million, with more than 80 percent of the money going to Mexico and Canada [4] . Encouraging the farmers to grow Asian eggplants in the US will thus help to strengthen the economic status of farmers.
The use of sustainable, best-management practices can result in high yields and less environmental damage. Cover cropping is an efficient way of recycling nutrients and reducing inorganic fertilizer inputs to maintain the sustainability of the production system without affecting productivity. Legume cover crops when grown and incorporated into the soil, replenish the soils with nutrients, thereby reducing the need for chemical fertilizers [5, 6] . Applied N is taken up by the crop in the field or immobilized in soil organic N pools, which is vulnerable to losses from volatilization, denitrification, and leaching [7] . Studies have found that leaving the ground bare between fall and spring cropping periods increases the risk of nutrients leaching into ground water. Nitrate nitrogen is among the most significant nutrients lost through this process due to greater solubility [8, 9] . Winter cover crops help to improve soil fertility by taking up the nitrate nitrogen and preventing it from leaching into surface and ground waters [10] . Crop rotation is a powerful technique used in sustainable agriculture that does not involve inputs [11] .
In addition to reducing N leaching and increasing soil organic matter, cover crops also play a major role in other aspects of environment and agriculture. Modifying current agricultural management practices as a means of sequestering C has been shown to be a relatively low-cost way to offset greenhouse gas emissions [12] . Increasing conservation practices in agriculture in the United States will enhance soil organic C and potentially increase C sequestration [13] . Weed suppression can be improved by increasing the abundance of cover crop biomass and residue [14, 15] . Creamer et al. (1997) found that a cover crop mixture of hairy vetch, crimson clover, rye, and barley (Hordeum vulgare L.) produced high biomass levels and suppressed weed growth on par to a standard herbicide treatment [16] . Generally, residue from cover-crop biomass suppresses weed emergence early in the season, but does not provide full season weed control [17] . Keeping in view the heavy demand for Asian vegetables in North Carolina and the benefits of cover cropping in vegetable production, this experiment was designed to study the yield potential of Asian vegetables in the Piedmont area of North Carolina with cover crop rotation.
Experimental Section

Site and Location
The experiment was conducted at the North Carolina A & T State University Farm in Guilford County, NC, USA. The soil is Mecklenburg Sandy Loam (fine, mixed, thermic Ultic Hapludalfs) and landscape at the experimental location is representative of many regions in the Piedmont (2% slope) and southeastern United States. Cover crop (crimson clover + cereal rye) was planted in the fall of 2008 and mowed and incorporated into the soil in early April. Cover crop residues gradually decompose and release nutrients. Japanese eggplants (Hansel and Kamo) transplants were grown in plastic trays for 8-10 weeks in a greenhouse before transplanting in the field. Raised beds were prepared with drip lines and covered with a black plastic sheet prior to transplanting. Transplants were planted into the raised beds in April 2009. Row spacing of 5 feet between the beds and 2 feet between the transplants within a bed was adapted. The experimental design used was a split-split plot with two main treatments (cover crop: CC, no cover crop: NC) and four fertilizer treatments (T1: 0-0-0, T2: 56-28-112, T3: 84-56-168, and T4: 168-112-224 kg/ha of N-P-K) and two varieties (Hansel and Kamo) of eggplants in four replications. Each plot was divided into two sub plots and each sub plot has two beds for each variety of the eggplant.
The fertilizers were applied in split doses, one third of N, all of P and one third of K were incorporated into the soil prior to transplanting. Remaining doses of N and K fertilizers were supplied to the eggplants through fertigation. The drip irrigation system was used to supply water to the eggplants. To determine the quantity of the nutrients released by the cover crop residues, a mesh bag study was conducted within these experiment plots. The decomposition study was conducted in the CC treatment plots. Cover crop residue was collected and placed inside the fiberglass mesh bags for the decomposition study. Each mesh bag had 30.8 g of cereal rye and 9.2 g of crimson clover residue. Mesh bags were sealed tight and placed in rows between the raised beds. Five mesh bags were placed in each of the four fertilizer treatment rows; each replication had 20 mesh bags for a total of 80 mesh bags. Mesh bags were placed at three-inch depth and 24 inches apart and collected at three-week intervals over the growing period of the vegetables. Mesh bags removed from the soil were rinsed with water carefully to remove the soil from the plant residues without losing any plant residues. Cleaned plant residues were oven dried for 48 h at 65 °C and then weighed. Dried residues were then ground to pass through a 16-mesh sieve and analyzed for total C and N by dry combustion. Eggplants were harvested at marketable size and yields were recorded. Based on the treatments analysis of variance (ANOVA) results, recommendations can be made for development of alternative cropping systems with appropriate nutrient management, which can consequently reduce production costs, improve soil fertility, and limit nutrient losses to groundwater.
Statistical Analysis
A split-split-plot design with four replications was used in this study. Yield data is analyzed using Statistical Analysis System (SAS, 2012) software [18] . Statistical significance was determined using Proc Anova at the 95% confidence level.
Results and Discussion
The eggplant (Hansel and Kamo) yields varied greatly under all the treatments that were studied. The yields are presented in Table 1 . Results show that significantly higher eggplant yields (Table 1) were obtained with the cover crop system in both varieties. Eggplant yields increased with increasing fertilizer rate. At 168 kg/ha of N treatment, Hansel variety gave 94.5 t/ha under cover crop treatment and 73.9 t/ha under no cover crop treatment, and the Kamo variety's recorded yields were 77.3 t/ha under cover crop treatment and 62.3 t/ha under no cover crop treatment. The Hansel variety gave a higher yield compared to Kamo for all treatments (cover crop and fertilizer). Sabota and Sharma (1995) reported a yield of 41.3 t/ha of long eggplants (variety Taiwan Long) supplied with 89 kg/ha of N in North Alabama [3] . Total production of eggplants in the year 2010 was 79,900 tons [2] , resulting in an average yield of 29.43 t/ha. The yield (Table 1 ) obtained in this study is significantly above the national average. Statistical analysis of the yield data (Table 2) showed significant difference between the yields in cover crop and no cover crop treatments, fertilizer treatments and varieties. CC treatment gave significantly higher yields in both varieties of eggplants. As per varietal yields, Hansel produced significantly higher yields compared to Kamo. There was no significant difference between the yields for T1 and T2, but the eggplant yield from T3 was significantly higher than T1 and T2, and the eggplant yield from T4 was significantly higher than T3.
Residue decomposition was highest at (80.30%) by September 5th, the third sampling of the mesh bags which was significantly higher (p ≤ 0.05) compared to all other sampling dates. The mineralization of N from the crimson clover and cereal rye residue showed steady increase throughout the growing period. The N released through mineralization ranged from 13.33 g/kg at the beginning of the growing season and increased to 18.32 g/kg at the end of the growing season (Figure 1) . The longer the time residues were able to decompose, the greater was the mineralization of N. Temperature consistently increased over the growing season with great consistency (Figure 2) . The growing season started with seasonal rainfall then in the middle of the growing season received little rainfall and then a period of high rainfall (Figure 3 ). The decrease in residue decomposition after the third sampling could be attributed to a flood-like situation in the field and limited microbial activity. Demand for Asian vegetables like eggplants in the ethnic markets and supermarkets is increasing and the results from this study can help the farmers consider growing Asian vegetables as a viable alternative option. Crop diversification and sustainable farm income can be achieved by growing these eggplants. Eggplants yield from both varieties in this study were greater than the national average. This is a very encouraging result and farmers can benefit greatly from growing Asian vegetables such as Japanese eggplants. Further studies such as expanded marketability and revenue should be conducted to popularize the eggplant production among farmers. Local, regional and national demands should also be noted before engaging farmers in the production of these Asian vegetables on a larger scale. Mineralization of N from cover crops can supply some N to the crop and cut fertilization down if timed properly so that the crop can uptake the available nutrients at the peak of mineralization. Rates of N released were generally higher between September and October. Mineralization was rapid for the first nine weeks then a steady decline for the remaining six weeks of the study. Additional studies should be done to correlate N release from cover crops to meet or offset the need for fertilizer to the marketable crop. Soil moisture and temperature are critical in order to achieve a high decomposition and N release rate.
Conclusions
The experimental study of growing Asian vegetables (Japanese eggplants) in the Piedmont area of North Carolina demonstrated good potential for local farmers to grow Asian vegetables. Eggplant yields from cover crop (CC) treatment in this study gave higher yields for both varieties of eggplants than no cover crop (NC) treatment, which is an encouraging result to support sustainable growing of the Asian vegetables. Eggplant yields from T4 treatment were significantly higher than all other fertilizer treatments (T1, T2 and T3). The cover crop residue decomposition study demonstrated that the cover crop residues decompose in the piedmont soils and make nutrients available for plants and increase the yields. The data indicates the benefit of incorporating cover crops in the nutrient management practices to achieve higher yields.
